The ability of tryptophan tRNA (tRNATrP) to initiate reverse transcription of the 70S RNA of avian RNA tumor viruses suggested that the reverse transcriptase (RNAdependent DNA polymerase; deoxynucleosidetriphosphate: DNA deoxynucleotidyltransferase; EC 2.7.7.7) might have a specific binding site for the tRNA. A complex of tRNATrP and the avian myeloblastosis virus reverse transcriptase has been demonstrated using chromatography on Sephadex G-100 columns. Of all the chicken tRNA's, only tRNATrP and a tRNA4Met bind to the enzyme with high enough affinity to be selected from a mixture of the chicken cell tRNAs. The ability of tRNATIP to change the sedimentation rate of the enzyme indicates that tRNATrP is not binding to a contaminant in the enzyme preparation. Treatment of the enzyme with monospecific antibody to reverse transcriptase prevented binding of tRNA as well as inhibited the DNA polymerase activity of the enzyme. The ability of reverse transcriptase to utilize tRNATrP as a primer for DNA synthesis, therefore, appears to involve a highly specific site on the enzyme.
In vitro synthesis of DNA by the DNA polymerase (deoxynucleosidetriphosphate:DNA deoxynucleotidyltransferase, EC 2.7.7.7) found in virions of RNA tumor viruses (reverse transcriptase) is a primer-dependent reaction (1, 2) . When the "70S" RNA from virions is used as a template, a lowmolecular-weight RNA of the 70S complex acts as primer (3) (4) (5) . For Rous sarcoma virus, this RNA has been shown to be identical to a cellular tryptophan tRNA (tRNATrP) that is called "spot 1 RNA" after separation by 2-dimensional gel electrophoresis (6) (7) (8) (9) . Such tRNATrP has been isolated from three sources: 70S RNA, free 4S RNA from virions of Rous sarcoma virus, and normal chicken embryo fibroblasts (4, 5, 8) .
Although other tRNAs are found associated with 70S RNA and as free 4S RNA in virions (10) , 90% of the DNA molecules copied from 70S RNA have been shown to be initiated using tRNATrP as a primer (4) . Part of its ability to act as primer may result from the tight association of tRNATrP with the 35S RNA subunits of the 70S RNA; of the 70S-associated tRNAs, tRNATrP requires the highest temperature for removal from the 35S RNA (4, 11) . The tRNATrP also appears to be able to anneal back to 35S RNA (12, 13) . The association of tRNATrP with 35S RNA, however, is not sufficient to explain its ability to act as primer for the reverse transcriptase because, in general, the enzyme uses DNA efficiently as primer but utilizes RNA primers poorly (1, 14) . The apparent selectivity of reverse transcriptase for tRNATrP over other 70S-associated tRNAs and the poor rate of priming of reverse transcriptase by RNA homopolymers led us to investigate whether there might be a specific binding site on the reverse transcriptase for tRNATrP.
Abbreviation: AMV, avian myeloblastosis virus., 2535 Using an assay for high-affinity binding sites, we have been able to demonstrate specific binding of tRNATrP to the reverse transcriptase of avian myeloblastosis virus (AMV).
MATERIALS AND METHODS
Materials. AMV reverse transcriptase was purified by sequential chromatography on columns of DEAE-Sephadex and phosphocellulose (15) . The phosphocellulose fraction was further purified on a DNA-cellulose column (16) . The enzyme preparation gave only two bands after electrophoretic separation on 10% sodium dodecyl sulfate-polyacrylamide gels; these migrated as do the previously characterized a and ,B subunits of AMV reverse transcriptase (17) . Antiserum to AMV reverse transcriptase was obtained from Dr. R. Nowinski, Madison, Wisc. (18) . The IgG fraction was purified from serum as described (19) . Chicken liver tRNA and chicken liver aminoacyl tRNA synthetases were prepared following published procedures (20) (21) (22) The. individual tRNA species were purified from virionassociated or cellular tRNA using 2-dimensional gel electrophoresis as described previously (7) .
Unlabeled tRNATrP from chicken liver was purified as described elsewhere (9) . E. coli 32P-labeled 5S RNA and 4.5S RNA were prepared as described previously (6) 35% of each tRNATrP preparation bound to the enzyme as measured by the gel filtration assay ( Fig. 2A) and mixing reverse transcriptase with the tRNA increased the RNA in the excluded volume only slightly (Fig. 2B) . Increasing the ratio of Proc. Nat. Acad. Sci. USA 72 (1975) enzyme to tRNA did not increase the amount of bound tRNA (data not shown). Thus, a small proportion of total chick tRNA was bound to the enzyme. Of the virion-associated tRNA, little was excluded from the Sephadex G-100 in the absence of enzyme (Fig. 2C ) but 33% bound to the enzyme (Fig. 2D) .
To examine whether any specific tRNA might have been selected by the enzyme from chick tRNA, we analyzed the excluded and included fractions from Fig. 2A and 2B by 2- dimensional polyacrylamide gel electrophoresis (Fig. 3) . Total chick tRNA contains a large number of species of tRNA separable by this method (Fig. Sa) . The fraction of tRNA appearing in the excluded volume of a Sephadex G-100 column in the absence of added reverse transcriptase was not enriched for any of these tRNA species (data not shown). The fraction excluded from Sephadex in the presence of reverse transcriptase was greatly enriched for three tRNA species (Fig. 3b) . The major enriched species (arrow in Fig. Sb) had the same mobility as tRNATrP, that is, it was equivalent to "spot 1" in previous analyses (7) . When it was eluted from the gel and digested with ribonuclease T1, and the digest was separated by the method of Sanger et al. (25) , its fingerprint was identical to that of tRNATrP. The fingerprints of the two other tRNAs in Fig. Sb were similar to each other and to that of "spot 6" (7). This tRNA appears to be tRNA4Met based on its fingerprint and minor nucleotide analysis of its oligonucleotides (26, 27) . The 2-dimensional electrophoretic profile of the tRNA not bound by reverse transcriptase (Fig. Sc) was similar to that of whole tRNA; it still contained some unbound tRNATrP as identified by the fingerprint of the tRNA eluted from the region marked by an arrow in Two-dimensional electrophoretic separation of the virionassociated tRNAs (Fig. 3d) , the fraction bound by reverse transcriptase (Fig. Se) , and the unbound fraction (Fig. Sf) showed that the enzyme selected a portion of the virion-associated tRNAs. Again, tRNATrP was the major species bound by the enzyme (arrow in Fig. Se) as determined by fingerprint analysis. Some of the minor spots of bound tRNA appeared to be tRNA4Met. Also, some tRNATrP was still present in the unbound tRNA (arrow in Fig. Sf) .
Rate Zonal Centrifugation of Reverse TranscriptasetRNA Complexes. To further characterize the complex between reverse transcriptase and tRNATrP, we measured the sedimentation coefficient of the complex, using glycerol gradients. The enzyme was detected in the gradients by its DNA polymerase activity. The free enzyme had a sedimentation coefficient of 7.2 S (Fig. 4A ) by comparison to sedimentation rate of a marker E. coli DNA polymerase I that has a sedimentation coefficient of 5.8 S (22) . Mixing of the reverse transcriptase with a molar excess of unlabeled purified tRNATrP (0.5 gg) increased the sedimentation rate of the enzyme to 9 S (Fig. 4B) . Addition of unfractionated chicken liver tRNA (60 ,ug) similarly increased the sedimentation rate of the enzyme to 9 S (Fig. 4C ). E. coli DNA polymerase I in the same gradients did not change its sedimentation rate upon addition of tRNA. To examine the effect of reverse transcriptase on the sedimentation rate of tRNATrP, (10) . The binding of the tRNATrP and tRNA4Met to reverse transcriptase can explain why these tRNAs are found in virions, but these two tRNA species represent only 30% of the virion-associated tRNA (Fig. 2D) and the reason for inclusion of the other tRNA species still requires explanation.
Purified tRNATrP from chick embryo fibroblasts is only partially bound to reverse transcriptase even when a large excess of enzyme is used. No structural difference between the bound and unbound fractions has as yet been detected. It could be that conformational isomers of tRNATrP explain the two fractions or that minor structural differences are present. The clear separation of the bound and unbound fractions after either Sephadex G-100 chromatography or glycerol gradient centrifugation suggests that the binding affinity is very high and that dissociation of the tRNA-enzyme complex during analysis is not responsible for the two fractions.
The interaction of tRNATrP and reverse transcriptase is reminiscent of the binding of tRNA to its cognate aminoacyl tRNA synthetase (34) . Both binding reactions occur rapidly at low temperatures, can be analyzed by gel filtration, and are very selective (34, 35) . Both reverse transcriptase and synthetase bind deacylated as well as aminoacylated tRNA (unpublished results).
It was pointed out previously that the initiation of DNA synthesis by a preformed RNA primer may occur in systems other than the RNA tumor viruses (3) . One possible way to identify such primers would be to show binding of an RNA to a cellular DNA polymerase.
